sleep habits have shown that, compared to younger children, adolescents tend to sleep less, go to bed and get up later, and experience greater daytime sleepiness and weekend compensation for sleep shortage on weekdays. [1] [2] [3] [4] [5] [6] Several factors contribute to the transition of sleep schedules or sleep-wake patterns from childhood to adolescence, including pubertal development, 3,7-12 school grade levels, 4, 19, 20 For the purpose of epidemiology studies on sleep-wake patterns, a morningness/eveningness (M/E) scale was developed to demonstrate the distribution of sleepwake patterns and to identify the diurnal types in adults 26, 32, 61, 62 as well as in children. 63, 64 The Chinese versions of both adult and child M/E scales have been proven to be a reliable and valid instrument to assess the sleep-wake patterns in adolescents and their parents. 19, 65 Our previous studies have shown that being male; having higher school-grade levels, less parental control on daily schedules, daytime sleepiness, several sleep problems, and moodiness; and using coffee are associated with the evening type among children and young adolescents. 19, 66 Among these correlates, mood status and school grade level were the leading factors to distinguish the evening type from the morning type. The present study addresses the following questions: (1) Is there an association or any difference between children and their parents in terms of sleep schedules, daytime sleepiness, and sleep-wake patterns? (2) Is the extent of the above association or differences similar across school grade levels? (3) What are the correlates for adult sleepwake patterns? Since sleep pattern is influenced by development and environment, we anticipate that sleep schedules and correlates for sleepwake patterns in adults are different from those of their children.
schools and 3 junior high schools in Taipei City (45 classes in total). Of 1572 parent-child dyads, 1547 students and 1509 parents consented to participate in the study and completed the Sleep Habit Questionnaire (SHQ) in class (students) and at home (parents). Thirty out of 1509 parents were excluded due to lack of completion of more than half of the items on the adult M/E scale. Only parents who had regular daytime and work schedules and their children were included in the analysis of parent-child sleep-wake pattern associations and differences (n = 1335). Accordingly, the final sample for analyses in this study included 1479 (94.1%) parents (410 men and 1069 women) and 1335 student participants (680 boys and 655 girls). Of 1335 parent-child dyads, there were 195 father-son dyads, 485 mother-son dyads, 162 father-daughter dyads, and 493 mother-daughter dyads.
Measurements
The instruments relevant to this study in the SHQ were the sleep schedules, the Chinese version of the M/E scale for children and adults, and the mood scale for adults. In addition, parent's body mass index (BMI) and job type were included. The 6 categories of job type were (1) job with regular daytime hours, (2) homemaker, (3) unemployed, (4) shift work, (5) evening job, and (6) night job. They were grouped into 2 subgroups-a group with daytime and regular working schedule (1) (2) (3) and the other group with irregular and nighttime working schedule (4) (5) (6) . The psychometric properties of the child M/E scale and sleep schedules have been reported in separate papers. 19 The child M/E scale, translated from Carskadon et al's M/E scale-child version, was used to measure morningness in children and adolescents. 9, 63 
Adult Version of the M/E Scale
The adult version of the M/E scale, translated from Smith et al's version of the M/E scale, 62 is a 13-item scale with a total score ranging from 10 to 43. Similar to the child M/E scale, a higher score indicates a tendency to be morning type, whereas a lower score indicates a tendency to be evening type. The reliability and validity of this scale were studied prior to the formal school-based survey. The sample consisted of parents of 109 sixth-grade students from 3 classes and 190 seventh-grade students from 5 classes. Among these 299 parents, 68 were randomly selected to complete the SHQ twice within a 4-week interval to examine the test-retest reliability. The results showed satisfactory test-retest reliability (intraclass correlation [ICC] = 0.50-0.80 for each item, 0.94 for total score) and good internal consistency (Cronbach α = 0.81) for the M/E scale, which was further validated by daytime function as well as by sleep schedules, patterns, and problems. 65 
Mood Scale
The mood scale included 5 items reflecting negative feelings such as tiredness, sadness, hopelessness, nervousness/tension, and worry. These items were rated as 1, 2, and 3, indicating not at all, a little bit, and quite a lot, respectively. The results of a 4-week test-retest reliability study showed that the values of Spearman's correlation and the ICC for each item ranged from 0.42 to 0.51, and from 0.38 to 0.45. The Pearson correlation and ICC for the sum score, ranging from 5 to 15 for the mood scale, were 0.57 and 0.47, respectively, indicating moderate test-retest reliability. The Cronbach α for the mood scale was 0.79, suggesting a good internal consistency of this scale.
Statistical Analysis
The data were analyzed statistically using SAS 8.1 (SAS Institute Inc, Cary, NC, USA). The Pearson product moment correlation (γ, for continuous variables) and Spearman rank correlations (ρ, for ordinal variables) were calculated to display the correlation of sleep schedules and sleep-wake patterns between parents and children The linear mixed model was employed not only to calculate the ICC, but also to conduct multivariate analysis of variance. The random effects of mixed modeling address the lack of independence between parents and their children as well as within the same cluster (class and school). Based on our previous studies, 19 ,66 a child's school grade level was superior to age and pubertal development in predicting his or her sleep-wake patterns. Therefore, instead of using age or pubertal status, school grade level was controlled in the model in addition to other confounding factors, namely the child's sex and parent's age and sex. Using the mixed model, 1335 parent-child dyads were used to analyze the difference between parents and children in terms of sleep schedules and sleep-wake patterns and the effect and trend of the school grade level on each of these. Scheffé approach method was used to adjust the P values for multiple comparisons of parent-child difference across the 5 school grade levels. In addition, a goodness of fit test was used to test the departure from linear trend of school grade levels by comparing the negative 2 log likelihood of the model with grade as categorical variables to that of the model with grade as a linear variable. When grade was suitable to be treated as a linear variable, its linear trend was tested. A model with the beginning of 5 main effects (sex, age, mood status, job type, and BMI) and the 4-way interactions among these 5 main effects were used to perform backward model selection to explore the correlates for adult sleep-wake patterns using 1479 parent participants. The preselected α value was .05.
RESULTS

Demographics
Of 1479 parent participants, there were 410 father participants (mean age in years ± SD, 43.3 ± 6.2) and 1069 mother participants (40.0 ± 4.2). Father participants were significantly older than mother participants (F = 124.74, P < .001). The distributions of parental job status based on work schedules were 56.7% for daytime job, 29.7% for homemaker, 3.9% for unemployment, 3.9% for evening job, 1.6% for night job, and 5.3% for shift work. For the analysis of parent-child difference in sleep schedules, 144 parent-child dyads (9.8%) were removed to prevent bias from unusual parental work schedules in estimating parent-child associations and differences in sleep parameters.
Of 1335 student participants, there were 680 (50.9%) boys and 655 
Association Between Parents and Children in Sleep Schedules and SleepWake Patterns
The correlations between parents and children were very low in terms of the mean M/E score (γ = 0.11), the frequencies of inadvertent napping during the day (ρ = 0.08), required sleep to maintain daytime function (γ = 0.07) and bedtime (γ= 0.08), rise time (γ = 0.02), and nocturnal sleep duration (γ= 0.02) during weekdays. The correlations were low for bedtime (γ = 0.22) and rise time (γ = 0.26) during weekends. Table 1 presents the means and SEM of sleep schedules and the mean M/E score for student participants and their parents (n = 1335 parentchild dyads). Children tended to go to bed earlier and have longer periods of nocturnal sleep across weekdays and weekends than their parents. Although children were more likely than their parents to get up earlier on weekdays, they tended to get up later on weekends. The self-reported required sleep time to maintain alertness and daytime function was longer for children than their parents. The tendency to go to bed and get up later on weekends than weekdays was more obvious among children than their parents. Moreover, children were more likely than their par-ents to have greater differences in nocturnal sleep between weekends and weekdays and to have inadvertent daytime napping (F 1,1312 = 7.9; P = .005). In addition, children had lower mean M/E scores than their parents. That is, parents were more likely than their children to be morning oriented in the sleep-wake patterns. Table 2 shows the least square mean scores of the parent-child difference in sleep schedules and the M/E scale, as well as their SEM, stratified by the 5 school grade levels (grade 4 to grade 8). A significant finding was that parents went to bed and rose later and had shorter nocturnal sleep periods during weekdays than their children across the 5 school grade levels, with the exception that there was no difference in rise time between fourth graders and their parents and that there was no difference in nocturnal sleep time between seventh and eighth graders and their parents. Regarding sleep schedules on weekends, all student participants were more likely than their parents to get up later and sleep longer. However, only fourth and fifth graders went to bed earlier than their parents. Sixth to eighth graders went to bed at a time similar to their parents. Regarding sleep compensation during the weekend, the tendency to go to bed later and get up later on weekends compared to weekdays was greater among all the student participants than their parents. Moreover, seventh and eighth graders had more obvious sleep compensation on weekends than their parents in terms of a greater weekend-weekday difference in their nocturnal sleep duration. Fourth graders had less frequent inadvertent napping than their parents. Sixth to eighth graders had more frequent inadvertent napping than their parents. Interestingly, across the 5 school grade levels, parents were more likely than their children to have the morning-type sleep profile. Table 2 also presents the results of multiple comparisons among the 5 grade levels in terms of the extent of parent-child differences in sleep schedules and sleep-wake patterns. First, on weekdays, the extent to which parents went to bed later than their children was greater in fourth to sixth graders than seventh to eighth graders. Compared to the seventh and eighth graders, fourth graders had the most noticeably longer nocturnal sleep periods than their parents. In contrast, there was a crossgrade difference in the parent-child difference in rise time. Second, on weekends, compared to the seventh and eighth graders who went to bed almost at the same time as their parents, the fourth graders had earlier bedtimes than their parents. There were no grade differences in the extent of later rise times and longer nighttime sleep between parents and children. Third, although children needed longer sleep to maintain their daytime function, the extent of this difference did not vary across the 5 school grade levels (F 4,1084 = 3.08, P = .015, no grade difference using Scheffé method for multiple comparisons). Four, regarding the weekend-weekday difference in sleep schedules between children and parents, compared to the fourth and fifth graders, the seventh and eighth graders were more likely to rise later and sleep longer on weekends than weekdays. However, there was no grade difference in the later bedtime on weekends among children than parents. Fifth, the direction of having more inadvertent daytime napping in parents than in children in grades 4 and 5 switched to the opposite direction in grade 6 to grade 8, where children were more likely than their parents to take naps. Finally, compared to fourth and fifth graders, sixth to eighth graders were more likely than their parents to be the evening type. Regarding whether grade can be treated as a linear variable, we found that this was the case only when comparing the extent of parent-child difference in daytime napping and mean M/E score. For these 2 sleep measures, grade demonstrated significant linear trend. That is, increased grade level was associated with more daytime napping and a greater tendency to be eveningness oriented in children than in their parents.
Difference Between Parent and Child in Sleep-Wake Patterns
School-Grade Effects on Parent-Child Difference in Sleep-Wake Patterns
Correlates for Parental Sleep-Wake Patterns
The initial model consisted of parental age (mean age of 41 as baseline), sex, BMI (mean BMI of 22 as baseline), mood status (mean mood score of 7 as baseline), and job type, as well as the 4-way interactions of these 5 main effects. The final model included the main effects of age, moodiness, and job type as well as the 2-way interaction terms between job type and age as well as job type and moodiness (Table 3) . Namely, a tendency to have the evening-type sleep profile was associated with younger age, increased moodiness, and irregular work schedule (job type modified the effect of age and moodiness on the sleep-wake patterns). Similarly, age and mood status also modified the effect of job type on M/E. There were no significant effects from sex and BMI. The description of the final model is provided below. First, the effect of age was greater among participants with irregular work schedules than among those with daytime working schedules. For this latter group, an increase of 1 year in age was associated with an increase of 0.1 unit on the M/E score for those over age 41 years and a decrease of 1 year in age was associated with a decrease of 0.1 unit on the M/E score for those younger than age 41 years. For those who performed shift work or had an evening or night job, an increase of 1 year in age was associated with an increase of 0.34 unit on the M/E score for those over age 41 years and a decrease of 1 year in age was associated with a decrease of 0.34 unit of the M/E score for those younger than age 41 years.
The effect of moodiness was greater among participants with irregular work schedules than those with daytime work schedules. For the latter, an increase of 1 unit on the mood score was related to a decrease of 0.61 unit on the M/E score for those with mood score greater than 7; likewise, a decrease of 1 unit on the mood score was related to an increase of 0.61 unit on the M/E score for those with a mood score less than 7. For those who had irregular working schedules, an increase of 1 unit on the mood score was related to a decrease of 1.2 unit of the M/E score for those with mood score greater than 7; likewise, a decrease of 1 unit on mood score was related to an increase of 1.2 units on the M/E score for those with a mood score less than 7.
The effect of shift work and evening or night job on being evening oriented was greater in the younger than the older subjects and in those who had higher mood scores than those who had lower mood scores. Therefore, the younger, the moodier, and those who performed shift work or had evening or night jobs were more likely to have evening-type sleep profiles.
DISCUSSION
In addition to determining the correlates of sleep-wake patterns among adults as we did among young adolescents in our previous studies, 19, 66 this current study also examined the child-parent association and difference on sleep schedules and sleep-wake patterns. Our major findings are provided below. First, using limited measures, we found that age, mood status, and job type rather than sex and BMI are the correlates for adult sleep-wake patterns, similar to findings in previous studies. 26, [28] [29] [30] [31] [32] 38, 61, 67 Second, this study did not reveal any obvious association between children and their parents in sleep schedules and sleep-wake patterns, but, rather, it showed a significant difference with respect to these variables. Last, there are significant differences in the parent-child sleep variables across the child's school grade levels with an apparent cutoff point between junior high school (seventh and eighth grade) and elementary school (fourth to sixth grade). These findings, when taken with those of our previous studies, 19, 66 revealed some common correlates for child and adult sleep-wake patterns such as age and mood status; yet, this study also yielded some different correlates, such as school grade levels for children and job type for adults.
Parent-Child Difference on Sleep Schedules
Given the findings of a very low parent-child correlation on sleep schedules and sleep-wake patterns, different correlates for child and adult sleep-wake patterns, and significant grade effect on parent-child sleep differences, our findings indicate that neurobiologic maturation, developmental tasks, and unshared environment may be the main determinants of sleep-wake patterns across different age groups. Although there has been no study specifically examining this association, previous studies provide evidence that school grade levels, 4, 19, 20 as a proxy of biologic maturation and the degree of school demand, and job type, [28] [29] [30] [31] [32] 38 as an indicator of different work schedules, are the main predictors of sleep-wake patterns for adolescents and adults, respectively.
Regarding sleep schedules, the findings revealed that compared to their parents, children went to bed earlier, slept for longer periods of time, and awoke earlier on weekdays than weekends. The possible explanations for these findings are that elementary and junior-high students in Taipei must arrive at school no latter than 7:30 AM, whereas most of the regular jobs begin around 8:30 AM or later. In Taipei, beginning at the fifth-grade level, children tend to have breakfast and walk to school on their own, requiring them to get up earlier than their parents during the week. However, lack of data on third graders and younger children limit us in our investigation as to whether parents would not wake up later than their small children. We expect that parents of younger school-age children may need to get up at least as early as their children in order to assist them in preparing for and arriving at school on time. Moreover, no difference in bedtime between junior-high students and their parents suggests that junior-high students did not go to bed as early as elementary students. Corresponding to the well-known fact that sleep duration decreases over age after birth, 68 our findings showed that nighttime sleep was significantly greater for children than their parents. Although junior-high students slept significantly less than elementary students, the self-reported required sleep to maintain daytime function did not differ statistically across the 5 grade levels. This implies that children and young adolescents may need the same amount of sleep. Hence, young adolescents may not get enough sleep to meet their needs. This finding indirectly supports previous studies that adolescents need as much sleep as do school-aged children. 2, 7, 10, 69 Our finding that the junior-high students demonstrate different sleep patterns from elementary students was derived by comparing the childparent difference in these sleep variables across the 5 grade levels. First, although junior-high students went to bed earlier on weekdays than their parents, the difference was much less dramatic than among elementary students. Second, junior-high students got up much earlier on weekdays than their parents, compared to elementary students. Third, sleep duration of junior-high students on weekends was as short as that of their parents, whereas, the sleep duration of elementary-school students was longer than their parents'. Fourth, junior-high students went to bed on weekends at the same time their parents did, whereas, elementary students went to bed earlier than their parents. Fifth, the weekend compensation for weekday shortage of sleep on rise time and nighttime sleep was more apparent for junior-high than elementary students. Finally, junior-high students suffered from more inadvertent napping during the daytime than their parents, compared to elementary students. Simply put, these findings imply that a shortage of sleep on weekdays due to schoolwork results in impaired daytime function presented by inadvertent napping and unusual sleep compensation on weekends among junior-high students, corresponding to some previous studies. 2, 7, 10, 69 Correlates for Adult Sleep-Wake Pattern Consistent with previous studies, 4, 26, 38, 67, 70 our findings revealed that younger age, shift work or having an evening or night job, and moodiness increased the tendency of being the evening type among adult participants. Using the M/E questionnaire in an adult population, Park and 26, 67 reported that the mean scores of this questionnaire moved slightly toward the morning type with increased age, indicating that the phase of circadian rhythms had moved forward from the young to the older age group. 26, 67 In contrast, several studies have shown that individuals tend to acquire more of an evening-type sleep profile as they age, advance in school, or reach puberty during adolescence. 3, 4, [7] [8] [9] [10] [11] [12] 19, 20 Our studies support this, as we have seen that adolescents' sleep-wake patterns move to the evening type across the school grade levels 2, 19 and adults' move to the morning type with age. 26, 67 Therefore, we can sketch a picture of sleep-wake pattern across age that shows that the morning type, the leading sleep-wake pattern in infants and children, move toward the evening type during adolescence and young adulthood; thereafter, the sleep-wake pattern moves back toward the morning type with age in the adult population. Similar to the findings of several studies, [28] [29] [30] [31] [32] our results showed that shift work or evening or night employment was associated with an increased tendency to be the evening type. However, it is difficult to delineate the direction of the association. Those individuals who have evening jobs or perform shift work may consciously change their sleep schedules to go to bed in the late night or in the early morning and wake up in the late morning or in the afternoon to fit their schedules. However, those individuals who belong to the evening type may choose to work in the evening or night, an assumption supported by Iskra-Golec's study. 71 Therefore, similar to the way in which school grade levels serve as the proxy of social demand for adolescents, job type is the major social factor that determines adult sleep-wake patterns.
The finding from our previous study on children and adolescents, 66 which showed that increased feelings of mixed anxiety and depression are associated with the evening type, was supported by this study using an adult population. Although studies have provided extensive evidence to support an association between sleep disturbances and internalized personality characteristics 41, 42, 49, 72 as well as mental illness, 43, 44, 47, [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] there has been not much information about the influence of sleep-wake patterns on mood change. 38, 61 A few studies demonstrate that the evening type is related to mood change, particularly upon waking. 26, 39, 61 Therefore, the relationship between moodiness and evening sleep type is evident not only among children and adolescents, 66 but also among adult populations. Furthermore, the unique contribution of this study is that we found the interactions between job type and mood status, and job type and age, suggesting their additive effect on determining sleep-wake patterns. Adults who work shifts, negative affectivity, and young age are at the highest risk of having the evening sleep type.
Our findings did not demonstrate an association between BMI and sleep-wake patterns. Since we did not specifically investigate the effect of morbid obesity on sleep-wake pattern, failing to find this association is understandable. In short, BMI may not be a predictor of sleep-wake pattern, although obesity, particularly morbid obesity, has been related to sleep disturbances such as obstructive sleep apnea. [73] [74] [75] Moreover, no sex effect on adult sleep-wake patterns was found, inconsistent with the findings of Steele et al, which showed that men were more morning oriented than women in a sample of emergency-medicine residents in the United States. 32 However, the sex effect on sleep phase has not been extensively studied.
Limitations
The major limitations of this study are its cross-sectional study design and the recruitment of adult participants on the basis of their children identified by multistage sampling from schools. A cross-sectional study design limits our ability to make any causal inferences on sleep-wake pattern and its correlates. In addition, although the student participants were enrolled from a representative sample in Taipei City, the external validity of this study with respect to adult participants needs to be examined. Since one of the parents completed the SHQ, either mother or father, we were unable to analyze only the mother-child or father-child association on sleep measures. In order to prevent the bias from parents' sex status, we controlled for this factor in the analysis.
The lack of direct interviews and assessments at a sleep laboratory for participants is another limitation of this study. However, the use of selfreported measures for both students and their parents is the most optimal way to collect information from a substantial number of subjects from an epidemiologic sample, considering economy and time. In addition, the correlates assessed for adult participants were fewer than those for students. Since this paper is based on the secondary analysis of the original study, 19 we may have limited variables to determine the correlates of adult sleep-wake patterns. However, the most important factors, such as job type and mood status, were assessed. Finally, the finding of an association between mood status and adult sleep-wake pattern may not be very convincing, since the mood status was measured on the basis of the mood scale, a very simplified scale, that includes only 5 items of subjective feelings regarding negative affectivity. Notwithstanding, this important finding combined with similar findings in adolescents convinces us that it would be promising to investigate the relation between neurotic traits or internalizing disorders and sleep-wake patterns among a representative adult population as well as an adolescent population.
The strength of this study is that the sample is derived from a nonreferred community sample; hence, the information should not succumb to Berkson's bias, as noted in the clinical sample. Another strength of this study is its high response rate and the employment of state-of-the-art statistical models.
Clinical Implication
Since there is no correlation between children and their parents regarding sleep variables, practitioners may not need to know sleep schedules and sleep-wake patterns of other family members when a patient presents with problems associated with the evening-type sleep profile. In addition to biologic and developmental factors such as age, environmental factors also influence sleep-wake patterns. For example, different levels of school demand for children and adolescents and different schedules of job requirements for adults can affect an individual's sleep-wake patterns. The above environmental factors may be manipulated by the education system and mental-health policy for children and by workers themselves in the adult population. Limited to the cross-sectional study design, we are unable to ascertain the origin of the association between moodiness and the evening type. Notwithstanding, this association not only raises public awareness that evening sleep type is a sleep-wake pattern, but also implies an equivalent to a negative mood mixed with worry, tension, anxiety, fatigue, and depression, which may be influenced by other factors that we did not investigate in this study. Therefore, practitioners and other mental health workers should be aware of whether there is any underlying emotional problem or environmental stressor in adults and adolescents who have an evening-type sleep profile. As a result, primary prevention of sleep-related mental problems can be achieved.
Research Implication
Findings from this study and our previous exploratory analyses 66 imply that future studies examining the association between M/E and neurotic traits as well as psychopathology in a clinic-based and a community-based sample of adolescents and adults would be promising. A prospective longitudinal study to examine the direction and magnitude between sleep-wake patterns and psychopathology would be the next step.
